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Abstract 
In order to achieve optimum values for tensile characteristics such as high strength, yield strength and percentage of 
elongation the artificial ageing treatment were applied. The red mud collected from MALCO, Mettur,TamilNadu, 
India, is preheated in the furnace up to 500o C and 53 micron sized particles are mixed with Al356alloy. Al MMC 
specimens are manufactured by stir casting technique using Al356 alloy reinforced with different volume percentage 
(5%,10%, 15% and 20%) of red mud. The standard artificial ageing treatment for Al 356 alloy followed heat 
treatment and solution treatment for different temperature at varied time and temperature are carried out. The effect 
of solution treatment and artificial aging on the microstructure and tensile properties were studied by scanning 
electron microscopy and by carryout tensile test in the universal testing machine by applying constant load for all 
different volume percentage of red mud. The experimental results are optimized by using taguchi orthogonal array 
design method using Qulitek software, the experiments were conducted on three parameters with four levels, the 
three parameters are volume fraction, temperature and aging time. The influences of the various parameters are 
discussed, the validation of experiments is done by analysis of variance techniques the result shows that the ultimate 
strength can be obtained for 180-200o C and 4-6 hrs of  20% of  volume fraction , The experimental results also show 
with the increase in time and temperature  the ultimate strength also increases, the yield strength also found to be 
increases with the increase in temperature and time but the yield strength increase and decreases with the increase 
percentage of elongation. The percentage of elongation increases with the increase in temperature. 
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1. Introduction  
Aluminium alloys have wide range of application in automotive industries due their light weight, high 
toughness formability, high corrosion resistance and excellent mechanical properties [1]. Present days researchers 
pay more attention on aluminum alloys for its exceptional properties and versatility after heat treatment [2]. Al 356 
has gained good credibility amongst aluminium alloys used in automotive industries for its high strength,  
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weld ability, corrosion resistance and its significant mechanical properties [3]. Composites are much sought after 
materials for a variety of automotive industrial applications owing to their improved mechanical properties over the 
conventional alloys and reinforcement materials are embedded into a matrix, reinforcement impart the strength and 
stiffness to the materials, finally increases the properties of the conventional alloys [4].  
 
Present day’s demand on materials emphasizes the exploration of the materials like mineral ores and industrial 
wastes for utilization in preparing particle reinforced aluminium composite. Ongoing researches in the field of waste 
management brings out better utilization of waste in different mineral exploration industries, reduces environmental 
pollution. Aluminium industries Produces alumina from bauxite by the Bayer’s process, associated with the 
generation of red mud as the major waste material in alumina industries worldwide [5], depending upon the quality 
of bauxite the quantity of red mud generated varies from 55-65% of bauxite, this large quantity of red mud extracted 
by these industries poses an environmental and economic problem. Red mud is brick red in colour, having average 
particle size of about 44-75μm. The main constitutes of red mud are iron, titanium and the silica part with copper, 
manganese, magnesium, tin and zinc as minor constitutes . Disposal of red mud remains a major problem  reported 
that  of around 84 alumina plants all over the world seven are still practicing the sea disposal in a planned manner 
[6] therefore lot of efforts are being made globally to find out suitable uses of red mud [7]. Composite technology is 
successful in reinforcing metal like copper, nickel, boron and fly ash with aluminum matrix results sound 
mechanical properties after heat treated with T6 heat treatment procedure [8] .Various stages of T6 heat treatment 
are solution heat treatment , quenching and ageing process, where solution heat treatment  is used to dissolve the 
micro-segregation of Mg and Si elements to form a supersaturated solid solution in the primary Al matrix in order to 
enable the formation of a large number of strengthening precipitates during subsequent natural and artificial ageing 
processes[9]. Quenching helps in homogeneity of the alloying elements and in the distribution of vacancies in the 
primary Al matrix, influences the mobility of Si and Mg atoms during the ageing process. Ageing process divided 
into two phases as natural aging where the samples are kept in room temperature and artificial ageing, carried out at 
elevated temperature to find out the precipitation reaction of the Mg-Si phases in the matrix of the primary Al phase 
[10]. According to equilibrium phase diagram [11] solidification commences at 620 ºC by the separation of 
aluminum rich primary α phase, at 577 ºC eutectic transformation takes place when the rest of the melt solidifies 
into a two phase eutectic mixture. The structure of A356 alloy consists of primary particles of α phase and a eutectic 
in the space between the particles at the end of solidification. The size and the shape of the segregated silicon 
particles determine the morphology of the eutectic which has a great effect on the mechanical properties of the 
alloys [12]. 
 
Against this background present research has been undertaken with an objective to investigate the potential of 
red mud as reinforcement in aluminum356 as matrix and to evaluate its tensile characteristics after T6 heat treatment 
and to determine the optimum condition of tensile properties. Precipitation hardening is a special feature in T6 heat 
treatment process; increase the strength of the heat treatable aluminium alloys.  
 
In this research to emphasize the precipitation hardness, T6 heat treatment is adapted for MMC wherein the 
component is solution heat treated at around 540°C for about 10 to 12 hours immediately followed by quenching in 
water maintained at 80°C[13]. The component is then left to natural age in room temperature for about 4 to 12 hours 
followed by artificial ageing at around 155°C for about 2 to 12 hours [14]. In the as-cast state the Mg and Si atoms 
are segregated in the primary Al phase which is mostly dendritic at unorganized re-crystallization.  Solutionizing 
treatment dissolves the Mg and Si elements in the primary Al phase, quenching after solution treatment arrests 
precipitation reaction during cooling [15], leads to improvement in tensile strength, elongation and toughness [16]. 
The mechanism of transformation sequence usually involves heterogeneous nucleation at the sites of earlier 
products, resulting in fine and uniform precipitate dispersions [17]. 
 
This paper focuses on the evaluation of solution treatment and artificial aging on the microstructure and tensile 
properties by carrying out tensile test in the universal testing machine by applying constant load for different volume 
fraction percentage of red mud and to optimize the experimental results using taguchi orthogonal array design 
method with the aid of Qulitek 4 software to find out optimum ageing temperature, time and volume fraction. 
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2. Materials and Methods 
 2.1 Specimen preparation 
The MMC was manufactured through the liquid metallurgy route through stir casting. Al356 aluminum alloy is 
used as matrix and red mud manually sieved to particle of size 53μm as reinforcement. The alloy was heated up to 
the melting temperature of 750 ◦C in a furnace, after reaching the molten state it is stirred by a stirrer, driven by a 
motor to form a vortex created on the top surface. The calculated (5% by weight) amount of preheated red mud 
particles is uniformly added and the stirring was continued. The composite slurry was then poured into a preheated 
sand mould. The solidified casting is then subjected to T6 heat treatment. Ten set of composite samples were 
prepared for an optimized volume fractions of 5%,10%, 15% and 20% by weight of red mud added to matrix. The 
chemical compositions of reinforcement and matrix are shown in table1 and table 2 for the benefit of the readers. 
 
Table 1- Chemical Composition of A356 aluminium alloy 
Constituent Al Si Mg Cu Mn Fe Ti Zn 
percentage 90-93 6-7.5 0.45 0.25 0.35 0.6 0.25 0.35 
 
Table 2- Chemical composition of red mud from MALCO 
Constituent Fe2O3 SiO2 Al2O3 TiO2 Na2O CaO Ti Zn 
percentage 52 6-7.5 13 4 3 2 0.15 0.25 
2.2 Experimental procedures  
The casting rod cleaned by immersion for one minute in a mixture of one part of water and one part of nitric acid 
then sample are washed by water, after drying in air the rods are machined for tensile sample specimen with circular 
cross section specimen of gauge length of 50mm, grip distance of 140mm,and gauge diameter 8 mm were used for 
the tensile tests. as per ASTM ( E8-B557) standards [11]. The AutoCAD generated 2D and 3D models of the tensile 
test samples are shown in fig 2.   
 
 
Fig.1. (a) Tensile test specimen 2D drawing; (b) 3D Geometry of specimen 
3. Heat treatment of specimens 
All the prepared specimen samples were subjected to the process of homogenized for 24 hours at a temperature 
of 500 0C. The homogenized cast samples were solution treated at 540 0C for. Prior to artificial ageing, the solution 
treated samples were kept at room temperature for 24 hours for natural ageing process, artificial ageing was 
conducted in an electrical furnace. The times were different of each alloy and for each ageing temperature, all the 
samples were aged at 50,100,150 and 200 0C for 2, 4, 6, 8 hours to find out peak ageing condition the samples were 
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taken out from the furnace and cooled in still air. 
   
Fig.2. Heat treated samples. (a). 4 hours  (b). Heat treated for 6 hours   (c). Heat treated for 8 hours 
3.1 Tensile Test 
Tensile tests were carried out in TINIUS OLSEN – H25KT, ZEISS – 459340/SNT 12V a 100W tensile testing 
machine, shown in fig. 3, has prevalent specifications of Load Range: 6000 N, Extension Range: 2.5 mm, Speed to 
Endpoint: 0.5 mm/min, Speed to Break: 0.1 mm/min, PS25/50 Endpoint : 0.025 mm, Gauge Length : 50 mm and 
Preload : 0.0 N. Tension was observed and recorded by an increasing tension load till the episode of specimen 
facture. Beside the strain was recorded using an extensometer, attached to the samples and tabulated, shown in table 
3.  The numerical equation used for determination of the stress or the average longitudinal stress along the axis and 
% elongation, in the tensile specimen is given by 
           (1) 
         (2) 
Where  
S – Stress, P - longitudinal load on the specimen, and Ao- original cross-section area of the specimen, 
∆L – Change in length and Lo – Original length.  
 
The yield strength (YS) is defined as the maximum stress at which a material begins to deform plastically 
and is located above the elastic limit. The yield strength of a composite is best defined by a set deviation from 
linear-elastic behavior: 0.5% is sometimes taken. The ultimate tensile strength (UTS), or tensile strength is defined 
as the maximum stress experienced by the sample before failure (before the neck formation). 
 
 
Fig. 3.Tensile testing machine 
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Table.3. Yield Strength, Ultimate Tensile Strength and % Elongation extractes from Tensile test 
Specimen No. Volume % Temperature  in 0C 
Ageing Time  in 
Hrs 
EM  in 
Gpa YS  in Mpa UT  in Mpa Elongation in % 
1 5 50 2 74.76 109.58 115.70 0.20 
2 5 100 4 78.22 112.38 119.20 0.22 
3 5 150 6 81.34 115.34 120. 0.25 
4 5 200 8 83.54 120.11 123 0.28 
5 10 50 4 85.64 125.50 128.60 0.32 
6 10 100 2 87.34 129.38 131.78 0.32 
7 10 150 8 90.45 130.46 131.71 0.38 
8 10 200 6 92.48 131.57 132.60 0.40 
9 15 50 6 94.78 133.00 133.92 0.46 
10 15 100 8 95.90 133.99 134.81 0.25 
11 15 150 2 98.21 134.10 136.98 0.35 
12 15 200 4 100.12 140.25 144.10 0.41 
13 20 50 8 110.65 142.43 149.98 0.46 
14 20 100 6 115.34 149.34 153.56 0.48 
15 20 150 4 120.89 150.45 155.20 0.40 
16 20 200 2 125.07 153.78 156.25 0.36 
4. Experimental Design 
 Design of experiment is a powerful analysis tool for modeling and analyzing, taguchi method that explores the 
percent contribution of factors affecting the response the significance of a factor [18], the first important step in the 
experiment design is the proper selection of factors and their levels[19], In this study, three quantitative factors 
temperature, red mud weight percent and aging time in four levels were considered (Table 4).  For design of 
experiments with selected factors and their levels, a standard L-16 orthogonal array was employed (Table 5). 
Ultimate tensile strength of heat treated red mud composites were considered as the responses in design of 
experiment. The results were statistically analysed using Qualitek-4 software.  
Table 4 Three level Factor Descriptions     
Factors Level 1 Level 2 Level 3 Level 4 
Temperature (oC) 50 100 150 200 
Volume (weight %) 5 10 15 20 
Ageing time ( hours) 2 4 6 8 
 
Table 5 Taguchi orthogonal Arrays 
 1 2 3 4 
1 1 1 1 0 
2 1 2 2 0 
3 1 3 3 0 
4 1 4 4 0 
5 2 1 2 0 
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6 2 2 1 0 
7 2 3 4 0 
8 2 4 3 0 
9 3 1 3 0 
10 3 2 4 0 
11 3 3 1 0 
12 3 4 2 0 
13 4 1 4 0 
14 4 2 3 0 
15 4 3 2 0 
16 4 4 1 0 
5. Result and discussion  
The test was conducted according to Taguchi’s design of experiments, in the analysis of variance technique the       significance of a factor can be 
examined from the F-ratio in the ANOVA table. For a 95% confidence level, a F-ratio higher than about 4, means that the corresponding factor 
has an important effect on the response [18]. 
Table 6 Anova results 
Factor DOF (f) Sum of Squ (S) Variance (V) F-Ratio (F) Pure Sum(S’) Percentage (%) 
1. Temperature 
2. Volume 
3. Ageing Time 
3 
3 
3 
2417.687 
115.687 
13.187 
805.895 
38.562 
4.395 
295.29 
14.1229 
1.61 
2409.5 
107.5 
5.0 
94.013 
4.194 
0.195 
Other error 6 16.374 2.729   1.598 
Total 15 2562.937    100% 
The significant influence on the ultimate tensile strength is seen reflected in all the parameters, shown in Table 6, 
the results of tensile test. It is implied from the values in this tables that the temperature and volume fraction have 
the significant influence on the ultimate tensile strength of Al356-red mud MMC. 
Table.7. Optimum characteristics 
Factor Level Description Level Contribution 
Temperature (oC) 200 4 18.312 
Volume ((weight %) 20 4 3.812 
Ageing time ( hours) 4 2 1.562 
The optimum tensile characteristics for Al356-red mud MMC is shown in table 7, it shows that at the elevated 
ageing temperature of 2000C with four hours ageing time the specimen has 20% of volume fraction red mud obtains 
optimum solution for ultimate tensile strength. The same statistical analyses were carried out for other parameters. 
These behaviours are justified using the graphs.  
5.1 Effect of temperature 
 By increasing the ageing temperature, the rate of increase in ultimate strength also increases; the effect is more 
distinct in the range of 147-1570C. According fig. 4 the ultimate tensile strength increases with increase in 
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temperature. This can be related to all other parameters like yield strength, modulus of elasticity, i.e., the increasing 
ageing temperature increase the yield strength and modulus of elasticity,  the increasing the gaining temperature 
refine the grains which may be the reason for the improvement of the tensile strength . 
 
 
Fig 4 (a) Average effect of temperature  (b) Average effect of ageing time 
5.2 Effect of ageing time 
The ageing time is having less significant effect on ultimate strength. At the beginning of ageing time (2 hours) the 
ultimate tensile strength higher than that of the end of the ageing time (8 hours) therefore the rate of ultimate 
strength is higher at initial ageing temperature as shown in the fig 5, the decrease in ultimate strength might 
represents over ageing time. The increase of ageing time does not change the grain size or allow precipitates to 
move inside the materials, hence increase of ageing time may not improve the strength of the MMC. 
 
5.3 Effect of volume fraction of red mud  
The volume fraction of red mud has significant influence on ultimate strength, Fig. 6 show that the ultimate strength 
increases with the increases in red mud volume fraction percentage. By increasing the red mud volume percentage 
high improvement on the ultimate tensile strength is observed. The same results are observed for other parameters 
on tensile characteristics. The addition of red mud supports the smaller grain formation or more precipitates are 
formed at the grain boundary which enhances the strength. 
5.4 Interactions 
Interaction of influencing factors has been obtained from ANOVA analysis to validate the result given by main 
effect for the all the tests conducted. The interaction between volume fraction and ageing time shows that the ageing 
time increases with the increase in volume fraction of red mud. This indicates the strength of the specimen improves 
while the percentage of volume fraction increases.  Figure 7 indicates as the ageing temperature increases the ageing 
time also increasing.  The interaction between temperature and volume shows that the temperature increases with 
the increase in the volume fraction of red mud. 
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Fig.5 Average effect of volume fraction 
 
 
 
Table 8 Interactions of factors 
Interacting factor pairs (order based on SI) Column Severity Index SI (%) Column Optimum 
1. Volume x Ageing time 
2. Temperature x Ageing time 
3. Temperature x Volume 
2 x 3 
1 x 3 
1 x 2 
30.48 
8.53 
1.21 
1 
2 
3 
[4,1] 
[4,1] 
[4,4] 
From the interaction effect figures it is observed, 
1. The strength is not increasing in all the four samples prepared using different ageing temperature when 
both ageing time and volume fraction are increased. i.e., the interaction effect between ageing time and 
volume fraction does not contribute to the improvement of the tensile strength. 
2. The strength is increased in all the four samples prepared using different volume fractions when both 
ageing time and ageing temperature are increased. i.e., the interaction effect between ageing time and 
temperature contributes to the improvement of the tensile strength. 
3. The strength is increased in all the four samples prepared following different ageing time, when both 
ageing temperature and volume fraction are increased. i.e., the interaction effect between ageing 
temperature and volume fraction contributes to the improvement of the tensile strength.  
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                                                Fig 6. (a) Interaction between volume and ageing time 
 
 
 
 
 
 
 
                               
 
                                                  (b) Interaction between temperature and ageing time 
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                                                (c) Interaction between temperature and volume fraction 
 
 
5.5SEM investigation  
 
To understand the distribution of red mud, Si and Mg particle in the red mud reinforced aluminium alloy and its composites, the 
fracture surfaces were examined by Scanning electron microscopy(fig7), the prepetition of silicon particle enhance the tensile 
strength. 
 
   
Fig7(a)10% Red mud with 4 hour  (b)10% Red mud with 6hours ageing (c)10% Red mud with 8 hours ageing
   
(d)15% Red mud with 4 hours ageing (e)15% Red mud with 6hours ageing (f)15% Red mud with 6hours ageing 
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   (g) 20% Red mud with 4 hours  (i)20% Red mud with 6 hours ageing (j)20% Red mud with 8 hours ageing 
6. Conclusions 
x Addition of red mud to Al356 alloy decreases the age hardening rate.  
x An increase in red mud content enhances the precipitation of silicon particle which is strengthening Al–356 
alloys. 
x The SEM results indicated that bonding between red mud and Al 356 as the red mud  volume fraction 
increases the tensile properties. 
x The Ageing temperatures have a great effect on the tensile properties.  
x The ultimate strength can be obtained for 180-200o C and 4-6 hrs of 20% of volume fraction, with the increase 
in time and temperature the ultimate strength also increases, the yield strength also found to be increases with 
the increase in temperature and time but the yield strength increase and decreases with the increase percentage 
of elongation. The percentage of elongation increases with the increase in temperature.    
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